Abstract. This paper presents a DCO dithering technique which employs a finer fractional gain control to suppress nonlinear effect of a bang-bang digital PLL (BB-DPLL).
Introduction
In recent years, a bang-bang digital phase-lock loop (BB-DPLL) has been widely researched as an attractive topology for a clock generator for SoC applications [1] [2] [3] [4] [5] . Figure 1 shows the top-level diagram of the conventional BB-DPLL. Of the several digitally controlled oscillator (DCO) types, a ring-based DCO topology is mostly adopted to achieve a wide frequency locking range for the clock generator [1] [2] [3] , [6] and [7] . In addition, for a small chip area and fast lock-time, a larger integer unit gain (dI) of the DCO is better. However, a larger integer unit gain increases deterministic jitter, which eventually degrades the total period jitter of BB-DPLL [1] .
In this paper, a newly proposed DCO dithering technique which divides the range of the fractional-bit and controls the dither unit with a reduced gain is introduced. The proposed scheme improves jitter performance without scarifying chip area and locktime.
2
Proposed DCO Dithering Technique Figure 2 shows a block diagram of the proposed DCO dithering for a finer fractional gain control. The proposed DCO dithering circuit consists of a range detector, adder, accumulator, and MUXs. In the proposed circuit shown in Fig. 2 , an input fractionalbit comes from the integrator of Fig. 1 , and the outputs of DTH0, DTH1, DTH2, and DTH3 connect to DCO control units whose gain has a quarter of that of the integer gain d I , for improving the effective frequency resolution. The comparator compares the input fractional-bit and generates S 0 and S 1 which control the selection signals of MUXs. The next step is to subtract the selected output value of the MUX in the range detector from the input fractional-bit, and it becomes the input of the accumulator input (IN) with a maximal N-2 bit-width, as depicted in Fig. 2 . A time-averaged output carry of an accumulator becomes a normalized fractional value, IN/2 N-2 . Finally, four outputs of the MUXs (DTH0, DTH1, DTH2, and DTH3) generate the fractional value of DCO by controlling four dither units with 0.25d I gain. Table 1 shows the performance comparison between the conventional 2 nd -order ΣΔM and the proposed DCO dithering circuit-based DPLL. The phase noise of the 1 st -, 2 ndorder ΣΔM, and the proposed fractional dithering circuit-based DPLLs is simulated using the CppSim. The simulation results are achieved from the BB-DPLL structure of Fig. 1 with the following parameters: d I = 3 MHz, d P = 600 KHz, the input reference frequency (F in ) is 10 MHz, with a 6-bit width of the sigma-delta modulator, the natural DCO phase noise is -94dBc/Hz at 1 MHz offset, and the frequency division value (D) is 92. The frequency division value, M, is 4, which results in F dth =230 MHz.
The spurious tones and high frequency quantization noise of the 1 st -, 2 nd -order ΣΔM significantly degrades the DCO phase noise at the high frequency offset range, whereas, the proposed dithering circuit shows much less noise degradation due to the reduced fractional gain. The total period rms jitter of the 1 st -, 2 nd -order ΣΔM based DPLL is 1.93 and 2.58 ps, respectively, while that of the proposed dithering circuitbased DPLL is 0.83 ps which is approximately three times better than the case of the conventional 2 nd -order ΣΔM-based DPLL. 
Conclusions
This paper reports a new DCO dithering technique for a fractional gain control. The DPLL with the proposed DCO dithering circuit provides low jitter and small chip size. Simulation results show a significant improvement of jitter in the proposed DPLL, compared to that of the conventional high-order ΣΔM based DPLL.
